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1. THE CONTEXT FOR A HAZARD ANALYSI S OF COMVERCI AL SPACE
ACTI VI TI ES

1.1 POLICY AND MARKET CONTEXT

A new set of realities, shaping space activities worldw de, nust be
considered in order to provide the context for the nature, scope
and thrust of comercial space efforts in the US. An extensive set
of recent Congressional |egislation, studies and reports(*® has
docunented the rapidly <changing climate for internationa

cooperation and conpetition in space activities and the need for
greater political and economc flexibility in providing access to
and services for space exploration and exploitation, if the USis
to maintain its leadership in space. The arena of space
technol ogy, infrastructure devel opnent and new space applications
has expanded in recent years to include nore devel oped and third
worl d nations.(2® |n 1986 al one, the USSR had 91 successful space
| aunches vs. the US with 6 and 2 each for China, Japan and ESA
(Eur opean Space Agency). The US is revising and reshaping its
space policy and priorities. These changes are needed if it is to
provi de the national and international |eadership and foster the
stability to ensure that, followng the initial space exploration
and utilization phase, the prom se of conmercial space devel opnent
becones a reality.®*? This will enable the US aerospace industry
to capitalize on its technical superiority for the benefit of
manki nd and econom ¢ pay- back.

Both Congress and the Adm nistration have proposed, enacted and
pronoted new space commercialization initiatives, nost notably in
privatizing renmote sensing satellites and pronoting the use of
comerci al expendabl e | aunch vehicles (ELV' s) and | aunch services
to place both governnent and commercial satellites into orbit. (679

In May 1983, the President issued a new policy for
commercialization of ELV's and in February 1984, by Executive O der
12465 (" Expendabl e Launch Vehicles in Space"), he designated the
Departnent of Transportation (DOT) as the | ead agency to facilitate
and encourage commercial ELV activities and to |icense comerci al
space operations.

The STS- Chal | enger di saster and ensui ng ELV acci dents have severely
limted the US access to space and indirectly provided new
opportunities and i ncentives to ELV manufacturers and to commer ci al
payl oads and |aunch services providers.(1® As a result, all
government agencies involved in space activities have been
instructed to enable, foster and i npl enent the new commerci al space
policies and laws and to develop the supporting regulatory
framewor k and technol ogy infrastructure for greater private sector
participation in space transportation and devel opnent efforts.
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1.2 REGULATORY CONTEXT FOR COMMERCI AL SPACE OPERATI ONS

The Commer ci al Space Launch Act of Cctober 30, 1984 (Public Law 98-
575) (the Act), assigned to the Secretary of Transportation the
responsibility for carrying out the Act. (® The purpose of this Act
is:

(1) to pronote economc growmh and entrepreneurial activity
through utilization of the space environnent for peaceful purposes;
(2) to encourage the United States private sector to provide
| aunch vehicles and associ ated | aunch services by sinplifying and
expediting the issue of commercial l|aunch |licenses, facilitating
and encour agi ng the use of excess Governnent - devel oped space | aunch
capabilities and transferring technology to the private sector
(3) to designate an executive departnent to oversee and coordi nate
t he conduct of commercial | aunch operations; to issue and transfer
commercial launch licenses authorizing such activities; and to
protect the public health and safety, safety of property, national
security and foreign policy interests of the United States.

In 1984, the Secretary of Transportation created the Ofice of
Commercial Space Transportation (OCST) and delegated to it the
Secretary's responsibilities. As stated in Section 8(a)(2) of the
Act, the Secretary is charged with prescribing "requirenents as are
necessary to protect the public health and safety, safety of
property, and national security and foreign policy interests of the
United States."

To carry out this responsibility, OCST established a programto
devel op safety and regulatory requirenents for commercial space
l aunch license applicants.( The Transportation Systens Center
(TSC) is providing technical support to OCST to this end and has
been assisting in the devel opnent of |aunch safety requirenents
based on the Prelimnary Hazards Anal ysis enbodied in this report.

However, it nmust be nmade clear that the focus of OCST |icensing and
regul atory activities is primarily on public safety and not on
m ssi on success. (412  This uni que perspective and mandate for DOT
is and will be reflected in the OCST safety research, rule making

and licensing activities. DOT will have to regulate not just
commercial launch sites and comercial |aunches, but payl oads
| aunched aboard these vehicles. These include retrievable

materials processing, re-entry systems, non-governnent research
activities and many other, as yet unforeseen, commercial space
syst ens.

DOT/ OCST w Il also license the construction and operation of new

private |launch Ranges, as well as any commercial Range Safety
services. (™ OCST will also specify the certification requirenents
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for

Range Safety personnel
m ght i npact the public safety.
licenses for any |launch vehicle or operation on foreign territory

by a US citizen or conpany.

1.3
ASSESSMENT

This report presents the results of a technical

of

envi r onnent, ~asst
space activities.

commer ci al

and to assess

and

PURPOSE AND SCOPE OF REPORT:

Under t he Act,

| aunch services providers,
DOT nust al so i ssue

HAZARD ANALYSIS OR RI SK

literature and information in the public domain,
identify and eval uate the prospective hazards to the public and the
ri sk exposure levels associated with

Included in the report is a review of
the present status of US space technol ogy and practices (Vol.

as they relate to the hazards associated with conmercial
m ssions and their mtigation (Vol. 2). In

comercial space mssion is conprised of four phases:

| aunch, orbital and re-entry (Table 1-1).

the potenti al

cl asses of

procedure, equipnent, facility and environnental elenents are
i dentified.
TABLE 1-1. PHASES OF COMMERCIAL LAUNCH OPERATIONS
POST-LAUNCH MISSION AND OPERATION
PHASEB PHASE C
PHASE A PAYLOAD ON 1. DE-ORBIT AND RE-
PHASE PRELAUNCH LAUNCH ORBIT ORBIT ENTRY
INSERTION OF OPERATION 2. OR: MANEUVERTO
PAYLOAD AND STATION- HIGH STORAGE
KEEPING ORBIT
Representative ®Damage to ELV | ®On the pad o Malfunction in | @ Collision with ®Re-entry Hazards:
Hazards or In transit, explosion any of the debris, or other Natural de-orbit and
Events storage, o Low altitude boost stages, orbiting breakup
assembly and explosion and/or motors satellites e Rapid uncontrolled
testing o Failures of 1st, | @ Maifunction of | @ Malfunctions loss of altitude due to
® Damage to 2nd or upper apogee/ and solar activity, or failure
Launch stages perigee kick operational to maintain orbit
Facilities and ® Failure of motor failures e Damage to property or
Ground guidance casualtiesinUS. &
Support and/or destruct abroad
Equipment system

e Hazardsto
personnel

¢ Environmental
Damage
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These hazards have been identified and evaluated in |ight of
DOT/ OCST' s m ssi on, based on the review of existing literature and
practice of space related risk analyses (Vol.3).

The following definitions will aid the reader wwth the assim |l ation
of information in this report. An extensive dossary of terns has
been provided (Appendix A) and a discussion of term nology and
procedures is given in Chapter 8 (Vol. 3).

An accident is defined as an undesirable event resulting from any
phase of comrerci al ELV | aunch operations and space activities with
the potential to cause injury or death to people, or damage to

property.

Ri sk assessnment is the systematic examnation of an actual or
proposed systemor operation, to identify and eval uate potentially
hazardous events and their consequences. The principal purpose of
such an analysis is to assist policy nmkers, regulators and
managers in deciding on risk avoidance, risk reduction or
mtigation strategies. It can lead to either confirmng the
continued acceptability of a system or operation fromthe safety
point of view, or setting new risk acceptability and regul atory
threshol ds for the protection of public safety (see Ch. 8, Vol. 3).
Al though the terns Risk Assessnent and Hazard Analysis are both
used in this report in nearly synonynous fashion, the latter is
part of the former. There are other closely related terns used in
theliterature in simlar contexts: "Hazard" is often interchanged
with "R sk", and "Analysis" for "Assessnment", thus giving four
common usage expressions, nanely: risk assessnent, risk anal ysis,
hazard assessnent and hazard anal ysis.

i) An Analysis is typically a technical procedure follow ng an
establ i shed pattern;

i1) An Assessnent is the consideration of the results of analysis
in awder context to determ ne the significance of the anal yti cal
findi ngs;

iii) A Hazard is considered to be an existing property, condition,
or situation, which has the potential to cause harm For exanple,
i quid hydrogen used as a rocket propellant is a hazard because of

its chem cal nature, and intrinsic flanmmability and expl osi veness.

iv) Rsk is related to both the consequences of an accident (i.e.,
hazard potential being realized and causing harm and its
i kelihood of occurrence (Ch. 8, Vol.3). Risk is mathematically
expressed as the product of the probability of an accident and the
magni tude of its consequence. Thus, the risk from a liquid
hydrogen tank is the product of the probability that its
containnment will fail and the magnitude of the resulting expl osion
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and/or fire damage. Hence, people and property may be consi dered
"at risk" froma nearby hazard.

v) An Accident occurs when the hazard potential for damage is
activated by a stinulus and results in damage to a given system
conponent or operation, or ininjury to people. her operational
and technical definitions for terns used t hroughout the report are
given in the G ossary (Appendix A).

It nmust be kept in mnd that a systemor operation is considered to
be "safe" when its risks are deened economcally, socially and
politically acceptabl e, based on prevailing standards. These i ssues
will be discussed and illustrated in detail in Vol. 3.

1.4 APPROACH TO HAZARD ANALYSI S FOR COMMERCI AL SPACE OPERATI ONS

For over two decades, the US Governnent has been one of the world
| eaders in the devel opnment and expl orati on of outer space. In this
role, the Governnent m ssion agenci es (NASA and DOD) have devel oped
and successfully inpl enmented | aunch safety requirenents in support
of a wide variety of space mssions (see Chs. 2 and 4 of Vol.1).
Launch safety requirenments have been established for both unmanned
and manned space systens and operations, as well as for integration
of specific payloads. As such, the standards presently in use at
Gover nnment Ranges have evol ved not only out of the need to protect
the public safety and property, but also fromthe need to protect
| aunch site personnel, facilities and on board astronauts; to
ensure m ssion success; to eval uate | aunch vehi cl e perfornmance; and
to provide research results that would assist in expanding the
nati onal space exploration effort.

Since the only currently avail abl e | aunch sites are Nati onal Ranges
owned and operated by US Gover nment agenci es (DOD and NASA as first
parties), the basic launch and system safety regulations now in
pl ace at these facilities will probably continue to be observed in
the near future by any commercial |aunch vehicle provider or
operator that requires access to and use of Governnment |aunch
facilities (second party). Cost, access and tine constraints may
i nfluence the viability of commercial |aunch operations on these
Ranges, while vehicle reliability and safety will remain major
concer ns. Recogni zing this situation, OCST has undertaken an
effort to exam ne ELV safety standards, |aunch hazards and risk
anal ysis nmethods to ensure the protection of public safety and
property? (third party), as opposed to Governnent |aunch facility
(first party) and ELV or satellite manufacturers and operators
(second party) who enter User Agreenents.

As the initial effort in the devel opnent of a program to address

the safety issues, this report focuses on the identification and
eval uation of the safety hazards associated with ELV' s and their
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| aunch operations fromestablished and avail abl e Gover nment Ranges
as well as new |launch sites that may be devel oped and operated in
the future by commercial entities, or in partnership with states
and federal entities.

Protecting the public health and safety as stated in the Act,
requires that safety regulations be directed at preventing the
occurrence of potentially hazardous accidents and at m nim zi ng or
mtigating the consequences of hazardous events. This wll be
acconplished by enploying system safety concepts and risk
assessnment net hodol ogy to identify and resol ve prospective safety
hazards. The first step in applying systemsafety concepts is to
define the comercial space |aunch hazards (prelimnary hazard
analysis, PHA). Wth the hazards defined, it is then possible to
identify and rank those associated with each specific commerci al
space | aunch. Only after the hazards have been identified and
satisfactorily assessed, will the goal of providing the public wth
t he hi ghest degree of safety practical have been acconplished. For
the prelimnary hazard analysis (PHA) presented in this report
(Vol . 2), the operational commercial space | aunch phases have been
defined as foll ows:

1. Prelaunch; 2. Launch; 3. Obit; 4. Re-entry

For each of these life and operability phases of the commercia
space |aunch process, it is possible to identify the generic
cl asses of hazards that are associated wth each phase (see Table
1-1)and to define appropriate regulatory oversight. To identify
these hazards, a clear wunderstanding of the system and its
operation is necessary, as well as an analysis of the relevant
acci dent history for specific launch systens and subsystens
during each phase of |aunch operation. An analysis of previous
accidents i s necessary, but not sufficient, for the identification
of prospective hazards, since both vehicle configurations (see Ch.
3, Vol. 1) and |aunch and Range Safety procedures (see Ch. 2,
Vol . 1) have inproved with time. 1In 30 years of Governnent space
| aunch activities and ELV operations to date, both the mlitary and
civilian sectors have had an excell ent safety record and t here have
been no major accidents with reported public injuries. Therefore,
t he data base fromwhich the hazards can be identified is limted,
and known to be inconplete, with rare identical failures (see
Ch.3). Furthernore, an exam nation of historical |aunch data can
provide only a tentative |list of probable causes and Ilikely
accident scenarios and may be incorrect for the purpose of
projecting future perfornmance. Speci al statistical nmethods may
have to be used to account for "learning" from past failures in
order to avoid repeating them (see Ch. 9, Vol.3).( Previous
government ELV and space mi ssions will, however, have to be used to
generate a set of representative, expected, and projected
commerci al space |launch m ssions (see Ch. 10, Vol .3). This
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approach will allow us to exam ne and evaluate generic hazards
associated wth comercial space ELV mssions (see Chs. 5-7,
Vol . 2).

1.5 OVERVI EW OF THE REPORT ORGANI ZATI ON

This report is intended to i nformand educate a broad readership on
the generic sources and nature of hazards associated with space
| aunch activities. Therefore, it is intended to provide both the
necessary technical background and the specific hazard analysis
met hodol ogy, in order to enable a non-technical reader to
under st and and appreci ate the vari ety of technical issues invol ved.

Volune 1: Space Transportation Operations provides the background
on Range Operations (Ch. 2), current Expendable Launch Vehicles
(Ch. 3), and Space Launch and Orbital Mssions (Ch. 4). Chapter 2
descri bes the Range Safety Control systens in place and establ i shed
practices at the National Ranges. Chapter 3 introduces the basic
t echnol ogy, and typi cal proven and proposed configurations of ELV' s
likely to be used for commercial space mssions in the near future.

The historical reliability based on Ilaunch success/failure
statistics for the major classes of operational ELV' s in the US are
al so presented in Chapter 3. Chapter 4 describes the space | aunch
and orbital operational phases.

Vol une 2: Space Transportation Hazards introduces the generic
cl asses of hazards associated with the use of these ELV's in space
| aunch operations. Chapter 5 discusses fires, explosions, toxic
vapor clouds and debris inpacts.

A relative risk context is provided in Chapter 5 to enable the
reader to judge | aunch hazards by conparison with other common

i ndustrial and transportati on hazards. Chapter 6 di scusses orbital
collision hazards to satellites in |low and geosynchronous Earth
orbits. Chapter 7 reviews and eval uates those hazards to people
and property associated with both controlled, and uncontrolled re-
entry of space objects.

Vol une 3: Space Transportation Risk Analysis deals with the
anal ytical tools available to assess public risks (Ch.8), the
nodel i ng and application of such tools to space operations (Ch.9)
and illustrates the specific risks associated with comercial ELV
| aunches in the near future (Ch.10).

Since DOT/OCST will sponsor and perform risk assessnent/risk
managenent research to support conmercial space |aunch |icensing
reviews and awards, Chapter 8 defines and introduces the standard
met hods of Risk Assessnent. Chapter 9 reviews the published
t echni cal risk assessnments conducted for sel ected space
applications, focusing specifically on when, how and why such ri sk
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st udi es were conducted and on the software tools available for this
pur pose.

Finally, in Chapter 10, an illustration of risk analysis is
provided for representative ELV |aunch/m ssion scenarios which
indicates how the public risk exposure from conmmercial space
activities may be estimated, both wth and w thout Range Safety

controls in place. Al so, a conceptual risk assessnent and
acceptability matrix is provided for conparing public risk levels
associated with each phase of space |aunch operations. The

benefits of Range Safety control systens and practices now enforced
at Governnment Ranges as the key safeguards to nanage and m nim ze
the public risk exposure from future space activities to
"acceptable" levels are made clear in Chapter 10.
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